We test for the construct validity of the cognitive reflection test (CRT) by eliciting response times. We find that incorrect answers to the CRT are quicker than correct answers. At the individual level, we classify subjects into impulsive and reflective, depending on whether they choose the incorrect intuitive answer or the correct answer the majority of the time. We show that impulsive subjects complete the test quicker than reflective subjects.
Introduction
Dual-system models of human thinking differentiate two cognitive processes: a type 1-system that is fast, automatic and non-conscious, and a type 2-system that is slow, controlled and conscious (Kahneman 2011, Stanovich and West 2000) . Economists have recently become interested in the relation between these two cognitive processes and decision-making. The cognitive reflection test (CRT) introduced by has emerged as a popular tool to identify which way of thinking subjects use. The test consists of three questions that have "an intuitive answer [that] does spring quickly to mind (…) but this "impulsive" answer is wrong. Anyone who reflects upon it for even a moment would recognize [the correct answer] " (Frederick, 2005, pages 26-27) .
While scores in the CRT have been related to risk preferences or behavioral biases , Oechssler et al. 2009 , Bergman et al. 2010 , Hoppe and Kusterer 2011 , Cheung et al. 2014 , Brañas-Garza et al. 2012 , Andersson et al. 2016 ), we are not aware of any paper that directly tests the implicit assumption that the CRT measures the tendency to override an intuitive and spontaneous response that is incorrect and to engage in further reflection that leads to giving the correct response. More precisely, we lack evidence about the construct validity of the CRT showing that quick responses to the CRT are likely to be incorrect, while correct answers take longer. Our paper is an attempt to fill out this gap.
Data
Hard-copy invitation letters were sent out to a random sample of the Danish population aged between 18 and 80. A total of 2,347 subjects logged on to our webpage and participated (average age = 46.7, SD = 14.3; 1,209 males and 1,138 females). The experiment consisted of two incentivized parts, a public good game (see Thöni et. al 2012 , Fosgaard et al. 2014 ) and a risk elicitation task (see Andersson et al. 2016 ). The incentivized part was followed by a questionnaire, which included the CRT , as well as basic socio-economic questions, the Big Five personality test and a 20-3 item cognitive ability test similar to a Raven's progressive matrices test (henceforth referred to as the cognitive ability test). 
Results

Correct answers and response times
Figure 1 depicts the cumulative response times for subjects that gave correct and incorrect answers to each question (see Section A3 in the Appendix for more detailed descriptive statistics). 2 We find that subjects who provided the correct answer devoted more time to each question (p < 0.001).
3 Figure 1 . Cumulative response times to each question.
1 More information about the details of the questionnaire, the recruitment procedures and the sample composition is presented in Sections A1 and A2 of the Appendix. 2 Response times of more than 360 seconds have been excluded since data contains outliers due to people taking a break or being interrupted. The choice of cut off is not important for any of our results. 3 Unless otherwise noted, we use the Mann-Whitney and Kolmogorov-Smirnov tests.
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Figure 1 also reveals that the difference in speed between correct and incorrect answers differs across questions. The difference is particularly striking in question 1, and much less pronounced in question 3. It could be that the first question has a more salient intuitive answer, or perhaps subjects figure out after the first question that they need to think longer since these are tricky if not trick questions. 4 Both explanations are consistent with our data since mean response times are increasing with questions (see Section A3 of the Appendix). As a robustness check, we collected additional data using an alternative measure of cognitive reflection with randomized and nonrandomized questions to test for possible order effects. Overall, we do not find evidence of order effects, suggesting that the different patterns observed across questions is likely not due to the order of presentation, but rather due to characteristics of the questions. 
Intuitive but Incorrect Answers and Response time
Our previous findings support the hypothesis that fast responses are associated with incorrect answers, and vice versa for slow responses. While "impulsive" subjects are frequently defined as those who perform poorly in the CRT, subjects who provide the intuitive (wrong) answer might be treated differently than those who simply provided any incorrect answer (Noussair et al. 2014 , Ponti and Rodriguez-Lara 2015 . We follow and use the iCRT index which adds up the number of intuitive answers, iCRT∈{0,1,2,3}. We then define Impulsive subjects as those who scored two or more in the iCRT (39 % of the sample) and Reflective subjects as those who provided two or more correct answers in the CRT (49 % of the sample). The remaining 12% are classified as Other.
Figure 2 displays the cumulative response time distributions for the three types of subjects. We find that Impulsive subjects are faster (in total response times) than 4 These arguments also relate to the "sequence effect" in . They report that subjects score better when questions are presented in the standard order, and the smallest (largest) proportion of correct answers is usually observed in question 1 (question 3). 5 For further details, see Section A6 on the Appendix.
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Reflective ones (p < 0.001), while Other subjects are slower than both the Impulsive and Reflective ones (p < 0.001). 
Regression Analysis
To learn more about the relationship between CRT scores and response times, we present a series of regressions in which we control for other factors that are likely to be correlated with both CRT scores and response times. Table 1 displays the result from a series of OLS regressions using CRT score as the dependent variable. In column 1, we have included response time as the single explanatory variable. The response time has been top-coded at 1080 seconds, i.e. the response times of subjects that take more than 1080 seconds are recoded as 1080. Our results are robust to the choice of different cutoffs and also to replacing the OLS with an ordered logit or probit (see Table A6 on the Appendix). In columns 2-5, we include additional controls for gender, age, education, cognitive ability and big five personality traits.
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The main message of Table 1 is that longer response times are significantly associated with higher CRT scores. A one standard deviation increase in response time corresponds up to a 0.15 standard deviation change in the CRT score. The effect is relatively consistent across specifications and it becomes stronger as we include more control variables.
Moreover, CRT scores are related to gender, education and cognitive ability. Notably, there is a negative effect of age effect in columns 2 and 3, but this effect vanishes once we include the cognitive ability test score (column 4). Hence, the decline in CRT with age effect appears to be driven by a decline in cognitive ability. Our estimates show that the relationship reported in Table 1 is driven by the Impulsive subjects, which are on average much faster than the Reflective ones. Impulsive subjects have response times that are up to 0.43 of a standard deviation shorter than the Reflective subjects. To the contrary, subjects who perform poorly on the CRT but are not classified as Impulsive (Other) take more time than the Reflective subjects did. Thus, to measure impulsive thinking, it is important to distinguish between different types of wrong answers and not only count the overall number of incorrect answers. As we include more covariates, the coefficient for the Impulsive subjects increases, whereas the coefficient for the Other subjects decreases. Response times are correlated with gender, age and cognitive ability. 
Robustness check
We use post-experimental questionnaires in three other experiments to investigate the robustness of our findings. First, we elicited the response time of 311 students (M Age = 21.2 years, SD = 3; 132 males and 179 females) who participated in a laboratory experiment at the Universidad Pablo de Olavide in Seville (Spain). We utilize the alternative measure of cognitive reflection in Overall, we find similar results when we look at these data (a detailed analysis can be found in the Appendix, sections A5-A6). We confirm that Impulsive subjects are always faster (in terms of total response time) than Reflective ones (p < 0.045). We do not find that the order of presentation affects the difference in response times between correct and incorrect answers in the MTurk experiment.
Conclusion
To the best of our knowledge, this paper is the first providing evidence that fast answers to the CRT tend to be incorrect, while subjects who take longer tend to provide the correct answer. Our findings lend support to the assumption underlying the test that responses to the CRT can be used to measure the tendency to override intuitive responses. However, our findings also show that merely summing the number of incorrect answers will provide a poor measure of intuitive thinking. Instead, it is important to distinguish between intuitive answers and other types of incorrect answers.
Appendix
This appendix presents the details of the questionnaires used to elicit cognitive reflection ). The appendix also contains information about the recruitment procedures, sample composition and additional tests for the Internet experiment. We present details and data analysis of our laboratory experiments in Spain and the experiment we ran using Mechanical Turk, in which the order of the CRT questions was randomized. We use this questionnaire in our Danish internet sample and our laboratory experiment in Seville, Spain (henceforth, Lab experiment 1). We believe that the exposure to the CRT test was relatively low among the general population in Denmark at the time of the experiment in 2008. To our knowledge, subjects participating in the Lab experiment 1 were inexperienced and never exposure to the test.
Contents
A1.2 Toplak et al. test
We decided to check the robustness of our findings using questions in Toplak et al. Six months after he invested, on July 17, the stocks he had purchased were down 50%. Fortunately for Simon, from July 17 to October 17, the stocks he had purchased went up 75%. At this point, Simon has: a. broken even in the stock market, b. is ahead of where he began, c. has lost money [correct answer = c, because the value at this point is $7,000; intuitive response = b].
This version of the CRT was used in our second laboratory experiment in Spain (henceforth, Lab experiment 2).
7 Sessions of this experiment were run in Alicante and Valencia, where there is an increasing exposure to the three classic items; however, participants in these locations were never exposed to the test. This test was also used in our experiment in Amazon's Mechanical Turk (MTurk), where the order of the questions was randomized.
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A2. Internet data
This section presents information about the recruitment procedures and the sample characteristics of our internet data. In addition, it gives an overview of the cognitive and psychometric tests that are used to construct the control variables in the regression analyses.
A2.1 Recruitment of subjects
The participants were recruited as follows:
• Statistics Denmark, the official statistics office in Denmark, randomly selected 40,000 individuals from the Danish population.
• In total, 18,027 individuals were randomly selected out of the 40,000 and hardcopy letters were sent out to the respondents in two waves on May 15 and May
30, 2008.
• The letters invited subjects to log on to our webpage at the University of Copenhagen, using a personal identification number printed in the letter. Subjects had one week to complete the experiment.
• In total, 3,107 subjects logged on to our web page and out of these, 2,037 completed the cognitive reflection test (CRT).
A2.2 Representativeness of sample
The sample of participants considered in the current project is generally representative of the Danish population. Table A1 reports the gender, age and educational characteristics of our sample and the Danish population, respectively. As can be seen from the table, the gender and age distributions of the participants in our sample match the corresponding distributions of the Danish population quite closely, although there are exceptions. For example, females in the age range 41-50 are overrepresented in our sample. The educational distribution of the sample does not follow the general population as closely as the gender and age distributions. People with a vocational educational background are under-represented, whereas people with tertiary education are overrepresented. 
A2.3 Overview of the experiment
In short, the participants were invited to log on to our web page twice, once during the period in which the experiment was open and once during a feedback period after the experiment was closed. The first time they logged on they participated in two public goods games and completed a series of other questionnaires and tests. After the experiment closed, participants were matched together in groups for the public good game and payments were calculated. Participants logged on to our web page again to see the results of their group and provided us with their bank details necessary for distributing the payments. Below we describe the different parts of the experiment.
A2.4 Login and information screens
The first screen of the experiment was a simple login screen where subjects had to enter the personal identification code printed in the invitation letter. Upon login, subjects saw a welcome screen providing information about the experiment. They were informed that their participation in the experiment would be valuable to research in economics and reminded of the importance that the person participating was the person named in the invitation letter. Moreover, they were informed that they could earn money in the experiment (within the range of 8 to 510 DKr, corresponding to approximately 1.6 to 102 USD) and that this is standard procedure in economic experiments. They were also cautioned that they had to complete the experiment to get their money by electronic transfer. All subjects were then informed that the experiment would last approximately 50 minutes. Finally, they were reassured that they would remain anonymous.
After answering some questions about their socioeconomic background (age, gender and highest completed education), subjects proceeded to a public goods experiment which was the main incentivized part of the experiment.
A2.5 The public good games
Subjects played two variants of the public good game. First they played a standard linear one-shot public good game involving one unconditional contribution choice (referred to as the Standard game). Afterwards they played a public goods game using the strategy method which involves an unconditional choice as well as a series of conditional choices (referred to as the Strategy game).
A2.6 Other measures
After the public good game, a series of other tests including the CRT follows. In addition to the CRT test, the subjects completed the visual IST 2000R 8 Cognitive ability test (Beauducel et al. 2010) . This test asks the subjects to solve 20 different logic puzzles.
The task in each puzzle is to identify one of five candidate symbols, which would finalize a sequence of pictures constituting a logical graphical string (for a snapshot example, see the appendix). For instance, subjects see three solid square boxes in a row as the logical string. Subjects are asked which of five suggested symbols would logically prolong the presented string. If subjects, for instance, can choose between a triangle, a line, a circle and a squared solid box, the correct answer is to choose the solid box, which is the only logical continuation of the sequence of symbols. The subjects were given 10 minutes to solve as many of the puzzles as possible, and were allowed to jump back and forth between the puzzles as they wished. The assumption is that the higher the number of puzzles solved, the higher the cognitive ability of the participant.
We also applied a Danish version of the Big 5 personality test. 9 The test consists of 60 statements covering personality traits in five dimensions: agreeableness, conscientiousness, extraversion, neuroticism, and openness. 10 Based on the answers to these statements, each subject is assigned a score for each of the big 5 dimensions. A high score for a given trait indicates that the trait is an important part of the subject's personality. 9 We used the Danish NEO-PI-R Short Version test by permission of Danish Psychology Publishing (www.dpf.dk). 10 The Danish NEO-PI-R Short Version consists of five 12-item scales which measure each of the 5 domains. The 12 items for each domain are chosen from the original 48 items (of the full NEO-PI-R test) as follows: for each facet, the two items (out of eight) with the highest correlation with the total factor score are chosen (this is different from the American 60-item version of NEO-PI-R, called NEO-FFI, where the 12 items with the highest correlation with the total factor score are picked, regardless of which facet the single items belong to). In the Danish short version, all facets are therefore equally represented within each domain.
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A3. Descriptive statistics
Our study comprises data from four experiments. Besides the Internet experiment that is described in detail above (and analyzed extensively in the main text) we also collected data from two laboratory experiments in Spain and one experiment carried out using
MTurk. Tables A2-A5 provide for the criteria we used to classify subjects). 
A3.1 Experiments using Frederick (2005) (Internet and Lab experiment 1)
The mean and median response times of those giving the correct answer are higher than for those giving an incorrect answer, with the only exception of CRT3 in the Lab experiment 1, where the relationship is reversed. The internet data yield a higher percentage of correct answers than the Lab experiment 1 for all the three questions. One possible explanation is that Internet participants are not time constrained, thus they have time to ask for help or Google the correct answer. An alternative explanation is that the proportion of females in the lab data is significantly higher than in the Internet one (58% vs 48%, respectively). As it is shown in the regression analysis, females score less than males in the CRT score (see Table 1 in the main text or Table A6 below). Importantly, the difference in the percentage of correct answers translates into more reflective subjects in the Internet experiment (49% vs 23%) and more impulsive subjects in the Lab experiment 2 (39% vs 60%). 11 Despite the different distribution of types, our main 22 conclusion still holds: reflective subjects take more than impulsive ones to response the test (and other subjects take more than both impulsive and reflective ones).
A3.2 Experiments using Toplak et al. (2014) (Lab experiment 2 and MTurk)
The proportion of correct answers and the distribution of types is remarkably consistent in the two experiments in which we used the version of . Across all 4 questions, the mean and median response times of those giving correct answer are higher than for those giving an incorrect answer. In our Lab experiment 2, we classify 41% of subjects as impulsive and 34% as reflective, which is very close to percentages observed in the MTurk experiment (44% and 33%) that use the same CRT measure. In both experiments, reflective subjects take more than impulsive subjects to response the test.
Contrary to what is observed in experiments using the category for other subjects seems to be somewhere in the middle (if anything, other subjects behave as impulsive).
Our next section presents the robustness check for our Internet data. Section A5 extends the analysis to the three studies not discussed in the main text: Laboratory experiments 1 and 2 and the MTurk experiment. This section presents also the cumulative response times and the regression analysis for the three experiments.
A4. Internet data: additional robustness checks
In this section, we present results from a series of robustness checks. Table A6 presents Ordered Logit estimates comparable with the OLS estimates of Table 1 in the main text. Table A7 and A8 shows robustness checks of Table 2 in the main text with respect to the estimation technique and without top coding of the response time variable (Tobit regressions in Table A7 and Median regressions in Table A8 ). In all cases, we obtain results very similar to those presented in the main text. Figure A3 depicts the data for the MTurk experiment. We classify subjects into Impulsive, Reflective or Other depending on their score in the CRT and the iCRT (see Tables A2-A5 for the distribution of types in each experiment).
Figures A3 and A4 present the cumulative distribution of response times in our laboratory studies, while Figure A5 replicates the analysis for the MTurk experiment. As it occurs in our Internet study, Other subjects seem to be slower than both the Impulsive and Reflective ones in our Lab experiment 1. Recall that we use the CRT in
Frederick (2005) in both experiments. The relationship between Other subjects and Impulsive or Reflective subjects does not seem to be clear-cut when using the CRT in ; if anything, Other subjects seem to mimic the behavior of Impulsive subjects in our Lab experiment 2 and MTurk experiment (see also Section A3).
A5.3 Regression analysis
In this section, we present the econometric results. Following our previous discussion, Table A9 displays the result from a series of OLS regressions using CRT score as the dependent variable. We present the econometric results from the Lab experiment 1, 2 and MTurk in Panel A, B and C, respectively.. Our analysis in all three cases confirms that longer response times are associated with higher scores in the test. We also find that females perform worse than males in the test.
12 Table A10 uses the classification of subjects (Impulsive, Reflective, Other) to estimate total response time. We confirm our previous findings that the Impulsive subjects respond quicker than the Reflective ones to the test. We also observe that Other subjects take longer than Reflective ones in our Lab experiment 1. They seem to mimic the behavior of Impulsive subjects and take less time than Reflective subjects to complete the CRT in Toplak (2014) (Lab experiment 2 & MTurk experiment). However, the difference between Reflective and Other subjects is only significant in the Lab experiment 2.
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In Lab experiment 1, subjects faced two 4x4 matrices and their task was to compute subtractions and then to pick the highest outcome from each matrix; we measure the response time in this task. Most of our subjects (60%) solved the 2 matrices correctly. We define the "Math Measure" as a dummy variable equal to 1 if the subject solved the 2 matrices correctly and her response time is in the first quartile and 0 otherwise. This dummy is robust to choosing other cut-offs for response times. 
A6. Order effects
Thereafter, we investigate potential order effects. We used MTurk to collect additional data using the version of the CRT used in Lab experiment 2. The main design difference compared to Lab experiment 2 was that the order of the questions of the CRT was randomized. Next, we show that response time differences between correct and incorrect answers are not affected by the order of the questions.
We start by visually comparing Figure A3 In Table A11 we present some key descriptive statistics broken down by question and Notes: Median RT is the median response time. Fraction correct is the fraction of correct answer. Diff RT Incorrect-Correct is the difference between the median response times between subjects providing incorrect and correct answers.
Finally, we report coefficient estimates from two random effects panel models in Table   A12 . The dependent variable is the top-coded response time for each question, and as independent variables we include a dummy variable whether the answers was correct (Correct), question dummies (CRT2-CRT4), interactions between the correct and question (Correct*CRT2-Correct*CRT4), order of presentation (Order) and an interaction between correct answer and order (Correct*Order). In model 2 we also include variables capturing gender and age. Providing a correct answer is associated with a longer response time in CRT1, but as indicated by the interaction terms the effect is not present for CRT2 and CRT3 (which was visible already in Figure A3 ) and weaker for CRT4.
Interestingly, the Order coefficient shows that response times decrease over time, this 36 suggests some learning effect of the task despite there is no apparent relationship between the questions in the CRT test. Nevertheless, the interaction term between correct answer and order is very small and insignificant. Again, this shows that the order of presentation appears to play no role for the difference in response times between correct and incorrect answers. Table A12 . Response time, correct answer, order, Random effects regression
